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Metho d for the production of phenylalanine deri vatives^ 

Description 

The invention relates to an improved method for the 
production of 3-amidino- or 3-guanidinophenylalanine 
derivatives, in particular of triisopropylphenyl- 
sulfonyl-substituted 3-amidino- or 3-guanidinophenyl- 
alanine derivatives. 



The preparation of 3-amidinophenylalanine derivatives, 
in particular of Na- (2, 4, 6-triisopropylphenylsulf onyl) - 
3-amidino- (L) -phenylalanine 4-ethoxycarbonylpiperazide 
(WX-UK1) and the use thereof as urokinase inhibitors is 
15 described for example in CH-A-6 89 611, WO 00/04954 and 
WO 00/17158 and in the publication of Stiirzebecher et 
al. (Bioorg. Med. Chem. Let. 9 (1999), 3147-3152). 
DE 102 25 876.7 describes the preparation of 
guanidinophenylalanine derivatives as urokinase 
20 inhibitors. The synthetic methods used therein are 
straightforwardly reproducible on the laboratory scale, 
but are too elaborate and too costly for industrial 
applications. A particular problem is the synthesis of 
the precursor 2, 4, 6-triisopropylphenylsulf onyl (TIPPS)- 
25 (L) -3-cyanophenylalanine by reacting (L) -3-cyanophenyl- 
alanine and TIPPS-Cl. This reaction generally affords 
relatively low yields of product not exceeding 45%, 
because 53% of hydrolyzed TIPPS-OH result as unwanted 
byproduct. In addition, the desired reaction product 
30 can be separated from the byproduct only by elaborate 
chromatographic methods. A further problem is that no 
cost-effective method for preparing the 3-cyanophenyl- 
alanine used as starting material was known. 

35 The object of the present invention was to overcome at 
least in part the disadvantages of the synthetic method 
known in the art . 
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This object is achieved by a method for the production 
of 3-amidino- or 3-guanidinophenylalanine derivatives, 
comprising one or more of the following measures: 

5 (a) use of 3-cyanobenzyl bromide as starting material, 
which is reacted with an N-protected aminomalomc 
diester to give an N-protected cyanophenylalanine; 

(b) workup of the product from the reaction of 
3-cyanophenylalanine and an optionally substituted 

10 phenylsulfonyl halide, in particular 2,4,6- 

triisopropylphenylsulfonyl (TIPPS) halide, in an 

aqueous medium; 

(c) reaction of an N-protected 3-cyanophenylalanine 
with a piperazine derivative to form an 

15 N-protected 3-cyanophenylalanine piperazide and 

subsequent reaction thereof with an optionally 
substituted phenylsulfonyl halide, in particular a 
TIPPS halide; 

(d) reaction of 3-cyanophenylalanine with a quaternary 
20 ammonium hydroxide compound to give a 3-cyano- 
phenylalanine ammonium salt and subsequent 
reaction thereof with an optionally substituted 
phenylsulfonyl halide, in particular a TIPPS 
halide; 

25 (e) reaction of 3-cyanophenylalanine with a trralkyl 
silane compound to give a 3-cyanophenylalanine 
trialkylsilyl ester and subsequent reaction 
thereof with an optionally substituted 
phenylsulfonyl halide. 

30 , 
The present invention relates in particular to novel 
urokinase inhibitors derived from 3-amidino- or 
3-guanidinophenylalanine of the general formula I 
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(I) 



NH 



k 

which are in the for, of racemes and of compounds 
having the L or D configuration, and in which 
X is an amidino or guanidino group, 

R i is a group of the formula 

'N-R 4 
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in which R 4 is 
(i) an optionally substituted, e.g. by 
Cx-Ce-alkyl, Cl -C 3 -alkoxy , hydroxyl, 

carboxyl, sulfonyl, nitro, cyano, oxo or/and 
15 halogen, Cl -C 6 -alkyl radical such as, for 

example, ethoxycarbonyl, or aryl radical 
such as, for example, phenyl, p-halophenyl, 
naphthyl, 

a saturated or unsaturated, branched or 
unbranched Cl -C 6 -alkoxy radical or 
(ill) an optionally substituted, e.g. by 
Cl -C 6 -alkyl, Cl -C3-alkoxy, hydroxyl 

carboxyl, sulfonyl, nitro, cyano, oxo or/and 
halogen, phenoxy- or benzyloxycarbonyl 
25 radical, 



(ii) 



R 



,2 
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is an optionally substituted, e.g. by Cl -C 6 -alkyl, 
Cx -C 3 -alkoxy, hydroxyl, carboxyl, sulfonyl, nitro, 
cyano, oxo or/and halogen, phenyl radical such as, 
for example, phenyl, 4-methylphenyl, 

2, 4, 6-trimethylphenyl, 2, 4, 6-triisopropylphenyl, 
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R 3 



Z 



4-methoxy-2, 3, 6-trimethylphenyl, 

is H or branched or unbranched Cl -C 4 -alkyl, and n 
is 0 or 1, 

9 r 9 is H or branched or 

is N or CR 9 , where R is n u 

^branched O-C.-alHyl, and to the products 
thereof. 

10 - The compounds may also be in the for, of salts 
preferably of physiologically tolerated add salts, 
preferably o y * particularly preferably 

« n of salts of mineral acias, H aJ - 

e.g. of sax suitable organic 

of hydrochlorides, or of salts 



acids . 
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Particularly important compounds of those defined in 

a general' claims are those in which B > ^« 
di _ or tri-alkyl-substituted phenyl radrcal, 
particular a 2, 4, 6-suhstituted phenyl radrcal. e, a 
2,4,6-triisopropylphenyl radical, and n . 
pieference is further given to compounds rn whrch Z 



CH. 



25 



, nH of th e formula (I) is particularly 
T p h rifera°:r Z, e-triisopropylphenylsulfonyl, ,-B- 

^tdino- ( D,L, -phenylalanine 4-ethoxycarbonylpiperazrde, 

2. 4. S-triisopro P ylphenylsulfonyl. ^ 
ID L) -phenylalanine 4-ethoxycarbonylprperazrde, the L 
'an iomers thereof or pharmaceutical acceptable 
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enantiomers 
salts of these compounds. 



m measure ,a, there is preferably use of an »-acyl 
pr otected aminomalonic diester. in P«t^« •» 
lacetyl-protected aminomalonic diester such as for 
35 example, diethyl aoetamidomalonate. The use of the 
aoetyl-valued diester is preferred because the 
corresponding acetylphenylalanine can be 
Ill further synthesis into isomerrcally pure 
«diatss. TJe starting materials 3-cyanobenryl 
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bromide and the N-protected aminomalonic diester _are 
commercially available and can be reacted xn hxgh yxeld 
to give an N-protected 3-cyanoo P henylalanxne . 

ivo the product of the reaction of 
According to measure (t>) tne p^"" 

S^anopLyialanine/ in particular of <L, -3-cyano- 
phenylalanine, and of an optionally mono- or 
polysubstituted, a.g. a starically 
Phenylsulfonyl halide, in particular TIPPS-C1, _« 
worked up in an aqueous medium, preferably in water. 
The desired produot is obtained in 95% or higher purrty 
without chromatographic separation. Surprrsrng y, 
substantially qualitative removal of the unwanted 
phenylsulfonyl hydroxide, in particular TIPPS-OH, rs 
15 possible in a simple manner. 

Suitable substituents on the phenylsulfonyl halide are, 
for example, one or more ft-Cr, in particular Cl -C,- 
allcyl radicals which may in turn be substxtuted one or 
20 more times, e.g. by halogen (e.g. trichloromethyl, 
trifluoromethyl), C.-C.-alKoxy radicals or/and halogens. 
Particular preference is given to triisopropylphenyl- 
sulfonyl chloride and to 4-methyl P henylsulf onyl 
halides, 4-methoxyphenylsulfonyl halides, ^-methoxy- 
25 2/ 3,6-trimethylphenylsulfonyl halides, 2, 2-dxmethyl- 
eUthoxyphenylsulfonyl halides, trimethylphenyl- 
sulfonyl halides, trichloromethylphenylsulf onyl halxdes 
and trifluoromethylphenylsulfonyl halides. 

According to measure (c> , 3-cyanophenylalanine, in 
particular (L) -3-cyanophenylalanine, is converted into 
an N-protected derivative, e.g. a tBOC-protected 
derivative. This is followed by reaction with a 
piperazine derivative, e.g. ethoxycaxbonylpiperazxde to 
35 form an N-protected 3-cyanophenylalanine piperazxde. 
~ This product is, after elimination of the protectee 
subsequently reacted with an optxonally 
sterically hindered phenylsulfonyl 
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group, 

substituted, e.g. a 
halide, especially TIPPS-Cl. This reaction 



does not 
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, -,h formation of the byproduct TIPPS-OH and 
proceed with formation o pU rify the 

therefore requires no additional steps to pu y 

desired product. 

According to measure <« . /-cyanophenylalanine in 
particular (L) -3-cyanophenylalanrne, for 
Quaternary ammonium hydroxide compound -™* 
example, benzyltrimethylammonium hydrox de (Triton B) 
• ' . 3-cvanophenylalanine ammcnrum salt. The 

— , if T V- -i-- 

n the byproduct TIPPS-OH, to giv 

formation ox tne uyp Preferred 
^ TTPPS-3-cyanophenylalamne. Prererreu 

desired product TIPPS cya p under 
15 phenylsulfonyl halides are those indicated 

measure (b) . 

^, 1T -o (e) 3-cyanophenylalanine, in 
According to measure (e) , ^cy y fi „ tl 

. n it, vrvanophenylalanine, is reactea u» 
particular (L) -3 cyanopne y coin pounds 
20 with a trial^ylsilane ~d; Th J _ 

preferably employed as ^ 
those in which the aXKyx j-au. 

Tfrerent and each have 1 to £ ^-^^^ 

carbon atoms. JJ^^r^I^^ly takes 
25 preferably used. The reaction 

place in an anhydrous solvent for examp 
dichloromethane. The free ammo acid no 
phenylalanine is preferably suspended with an excss 
trialkylsilane compound, for example 2 to 4 in 
T , 9 5 to 3 equivalents thereof in the solvent, 
30 particular 2.5 to 3 equiv intermediate 
for example in dichloromethane. There 13 
formation thereby of the water-sensitive 
ester , for example the trimethylsilyl este a 
pro tection from dimerization and thresh 
35 simultaneous silylation of the amino group th 
i.onhilicity is increased, thus speeding up the 
^ ^nt reaction with an optionally substituted 
subsequent react o red pneny isulf onyl halides 

phenylsulfonyl halide. Preterrea P j 

• _j • + ohove under measure (3)D. me 
are those indicated above 
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^^lkvlsilyl ester formed as 

.Usopropyxp— It is 

5 the desired product TIPPS V diiso propyl- 

advantageous to add a base reaction . The desired 

ethylamine (DIM), xn tiu. ™ c £ ±n high 
product can be obtaxned xn hxgh yx 
purity in this reaction. 

10 • *„rther to be illustrated by the 

The invention xs further 
following figures and examples: 

15 XnventXon, comprising the J * - 'J^,^ 

r £ ^r^a—aianine and TIPPS-C1 can .a „o r *ed 
up in aqueous medium (measure (b) ) . 

20 » = further embodiment of the method of 

Figure 2 shows a further e so i ut ion of 

according to measure (c) . A soiuu 
the invention according d under Schotten- 

(L) -3-cyanophenylalanxne xs pyroca rbonate 
Baumann conditions wit ^ b ^J/ onding B0 C- 

25 (BOC 2 0) iV 0 ^ .^Bol -L-Phe 3-CK) -OH. The latter is 
protected amino acid (BOC L Eft / suitable 
reacted with "^t^^^^. ^ or Qther 
coupling reagent (for example , , to 

reagents customarily employe d xn pept. . 
30 give the corresponding amxde ^ ^ J from the 
The BOC protective group xs elxm 

i kv dissolving the compound xn strong 
molecule by dxssoivx g dioX ane or 

methanol). The , K orga nic bases (e.g. 

35 convened -xth add>t ^ ln an anhydrou s 

triethyla^ne o r dl pylphenylsul£o nyl chioride 

Xs-CX, "Into s«e r s , 

P„e(3-CN)-Pip-C00Et. The advantage of thx. 
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sequence is that the reaction with TIPPS-cl can he 
carried cut under anhydrous conditions, and thus 
hvarolysis of the sulfcnyl chloride to the sulfonic 
acid occurs. Preceding reaction of the free carboxylic 
Z d function of BOC-L-Phe, 3 -C«>-OH with the pipeline 
al so means that no side reactions occur such as 
polymerization of the amino acid due to 
the carboxylic acid by the sulfonyl chlor.de The 
result is an enormous simplification of the workup of 
the compounds, Justifying the two additional reaction 
steP s required (reaction with B0C.O and later 
elimination of the BOC protective group by add) . 

Figure 3 shows a further embodiment of the method of 
l5 thf invention according to measure (d, . The free , attino 
acid L-3CN-Phe is dissolved together with one 
equivalent of an ammonium hydroxide compound, eg. 
benzyltrimethylammonium hydroxide, in methanol, and the 
solvent is subsequently stripped off in vacuo. The 
20 water which is produced is removed by subsequent 
evaporation with toluene, because water forms an 
azeotrope with toluene. The resulting colorless , oil 
subsequently soluble in dichlcromethane In this or 
another suitable solvent, the reaction with TIPPS CI 
25 (slo « addition while cooling) with addition of a 
*' tertiary amine, e.g. diisopropylethylamine, proceeds 
quantitatively with negligible side reactions within a 
few hours. After the solvent has been stripped off, the 
crude product is dissolved in ethyl acetate and 
30 subjected to acidic and neutral washes, the organic 
" phase is dried, and the solvent is stripped off in 
vacuo. The product is converted into a foam from ether 
in vacuo and dried. 

35 Figure 4 shows a further embodiment of the method of 
' thf invention according to measure (e) . The free ammo 
acid L-3-CN-Phe is suspended together with an excess of 
trimethylsilane in dichlcromethane and refluxed wxth 
stirring for 1.5 hours. By this means there x. 
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,,•,<-„ formation of the extremely water-sensitive 
intermediate prot ection from dimeriration. 

trimethylsrlyl ester a pr 
The simultaneous silylatron ot t 

increases the nucleophilicity, thus speeding , up the 
following reaotion with TIPPS-C1. Subsequently the 
motion solution is cooled in an ice hath and DIPEA 
is added as base. TIPPS-C1 can be added all at once 
without special precautions (e.g. no 

droowise addition is necessary, . The reaction solution 

* a ir i To 3 ° rr ti tUt 
:=riy :r sapped 0 « in ~ ~ 



"rin waTe/ Vor 5 ^ S in order to eliminate 
hi silyl ester and is then partitioned between ,10 m 
of ethyl acetate ♦ 30 ml of ether and 5, KHSO.. The 
organic phase is washed twice with acid and twice with 
distilled water and dried, and the solvent is strrpped 
off in vacuo. Evaporation was then carried 
with a little toluene, and the oil was dried in . 
20 The oil was mixed with 20 ml of petroleum ether and 
briefly treated in an ultrasonic bath, during which the 
p duct crystallizes out. The product was filtered of , 
washed with petroleum ether and then one J- - 
The yield was 84% of white crystallrne powder. 
25 purity measured by HPhC at 220 nm was 80%. 



